Background and Purpose-Ongoing clinical trials are using early response to intravenous tissue-type plasminogen activator (tPA) to stratify patients into endovascular therapies. Little is known about the likelihood of early recovery and its correlation with final stroke outcome. Methods-We analyzed the National Institute of Neurological Disorders and Stroke tPA dataset for patients with early improvement (EI), a change of Ն4, or score 0 on the 2-hour National Institutes of Health Stroke Scale (NIHSS) to predict good 90-day outcome. We adjusted for multiple confounders and divided the patients by baseline NIHSS score 0 to 10, 11 to 20, Ͼ20, and stroke type to analyze if EI predicted good outcome across stroke severities and types. We analyzed different EI thresholds to identify the best level of NIHSS change to predict good 90-day outcome using a receiver-operator characteristic curve. CI,). The receiver-operator characteristic curve showed that a threshold of 4 on the NIHSS for prediction of good outcome had a sensitivity of 84% and 36% specificity. Conclusions-Early improvement was more common in tPA-treated patients and was associated with good 90-day outcome. Whereas 32.5% of nonresponders after tPA had a good 90-day outcome, the use of EI to predict stroke outcome shows value. (Stroke. 2011;42:3163-3167.)
I ntravenous (IV) thrombolysis (tissue-type plasminogen activator [tPA]) after stroke leads to good clinical outcome in fewer than half of those treated within 4.5 hours. 1, 2 Recent advances in neuroprotective and endovascular therapies are used to enhance this therapeutic effect. 3 Many investigators advocate the use of a stepwise process in therapeutic decision-making: administer IV tPA and consider further therapies in patients who do not show improvement immediately after IV treatment. 4 In past clinical trials of IV tPA, however, clinical response was determined during the physical examination at 3 months. The decision to add further therapies in the setting of acute stroke has to be made within minutes or hours. 5 It is not known if the early clinical examination can predict outcome at 3 months. Before allowing clinical trials that make decisions based on patient examination findings within minutes or hours after IV tPA, more knowledge is needed to determine if the early response to IV tPA can reliably predict final outcome. We present data from the National Institute of Neurological Disorder and Stroke (NINDS) tPA trials to show if the clinical response at 2 hours after IV tPA bolus predicts good clinical outcome at 3 months.
Materials and Methods
We analyzed data from the NINDS tPA trials, the only clinical trials of IV tPA after acute ischemic stroke with a placebo arm and clinical outcome measures in the acute phase (2 hours after IV tPA or placebo bolus). We compared the basic demographics between placebo-treated and tPA-treated patients regarding age, sex, race, weight, blood pressure, baseline National Institutes of Stroke Scale (NIHSS) score, history of diabetes, previous stroke/transient ische-mic attack, smoking, aspirin use, atrial fibrillation, and time to treatment using Wilcoxon rank-sum tests for continuous measures and Fisher exact test for binary measures.
An early improvement (EI) of Ն4 points or NIHSS of 0 was used in the general analysis and good outcome at 90 days was defined as a modified Rankin Scale (mRS) score of 0 or 1. We used multivariable logistic regression model to evaluate the relationship between EI at 2 hours and good outcome after adjusting for prespecified variables, namely baseline age, recombinant tPA treatment, history of diabetes, and baseline NIHSS score. We performed a receiveroperator characteristic curve analysis with c-statistic (area under curve) plotting the false-positive to true-positive rate of good outcome prediction in relationship to NIHSS thresholds of EI.
The effect of EI was analyzed for 3 levels of stroke severity (cardioembolic stroke, small vessel occlusive disease and large vessel atherosclerosis), as well as NIHSS at baseline (0 -10, 11-20, and Ͼ20).
All analyses were 2-sided and Pϭ0.05 was considered to be statistically significant. Analysis was performed with the software R 2.10.0.
Results
We analyzed 312 IV tPA-treated patients and 312 placebotreated patients across the 2 NINDS trials. Aspirin use was more common (Pϭ0.002), weight (kg) was lower (76.2Ϯ15.7 versus 80.0Ϯ19.2; Pϭ0.009) and age (years) was older (68.0Ϯ11.3 versus 65.9Ϯ11.9; Pϭ0.023) in tPA-treated patients when compared to placebo-treated patients. 1 Of the total 624 patients, 125 had cardioembolic stroke, 241 had small vessel occlusive disease, and 61 had large vessel atherosclerosis. The rate of tPA use was similar in each stroke type group. The baseline NIHSS was 0 to 10 in 209 patients, 11 to 20 in 275, and Ͼ20 in 140.
We identified 183 patients with and 441 without early improvement ( Figure 1 Patients treated with tPA were more likely to have EI compared to nontreated patients. In the placebo arm, 71 of 312 (22.8%) had improvement at 2 hours versus 112 of 312 (35.9%) in the tPA-treated groups (PϽ0.0001).
In the group of patients with early improvement, 98 of 183 (53.6%) had a 90-day mRS score of 0 to 1 versus 118 of 441 (26.8%) without early improvement. Within the tPA-treated groups, 68 of 112 (60.7%) patients with early improvement versus 65 of 200 (32.5%) without early improvement had a 90-day mRS of 0 to 1. In the placebo groups, 30 of 71 (42.3%) with and 53 of 241 (22.0%) without early improvement had a 90-day score mRS of 0 to 1 ( Table 2) .
The multivariable logistic regression analysis found a significant effect of IV tPA treatment (odds ratio [OR], 1.71; Table 3 ).
The receiver-operator characteristic curve to examine the threshold of EI that best predicts good outcome is shown in Figure 2 . Using a threshold of Ն4 or NIHSS score of 0 (alternative 2 or 8), the sensitivity for predicting good outcome was 84% and the specificity was 36% (alternative 70% and 52% or 94% and 15%). Further analysis of receiveroperator characteristic curve for EI in patients across 3 levels of baseline NIHSS score and stroke types is shown in Figures  3 and 4 .
Discussion
Analyzing the only trials that included a placebo group and measured neurological status before and 2 hours after IV tPA bolus, we find that EI is more common in tPA-treated patients. Despite this association, 1 out of 3 (32.5%) patients who received IV tPA and did not show improvement at 2 hours had a good 90-day clinical outcome.
The approval of IV tPA after stroke was based on 3-month outcome measures. 1 Our study strengthens the recommendation that caution should be used extrapolating early treatment response to final stroke outcome. Most studies that have examined early response to tPA focused on clinical findings 24 hours after stroke. 6 In clinical practice, however, decisions regarding additional therapies after stroke must be made within minutes to a few hours when additional neuroprotection or tissue salvage is still possible. 7 Imaging surrogates to predict final clinical outcome are still lagging proven validity, reliability, and are not readily available at most medical centers. 8 Limitations of our study include that the data were from clinical trials concluded in 1995 and current medical therapy and changes in risk factor distribution may have changed the treatment responses. A recent smaller and prospective study, however, showed similar findings. 9 Another limitation is the definition of clinical improvement requiring a change of Ն4 points on the NIHSS. As illustrated in Figure 1 , patients with low baseline NIHSS score may have been less likely to meet this criterion. Therefore, patients with low baseline NIHSS score may not have been captured in our analysis as improved unless they reached an NIHSS score of 0 at 2 hours. We addressed this concern by analyzing EI across different ranges of baseline NIHSS and found that an EI of Ն4 or NIHSS score of 0 predict good outcome across the range of NIHSS (Table 3) .
In our general analysis, we used a threshold of Ն4 or NIHSS score of 0 to define EI. To examine if other thresholds may have predicted good outcome (90-day mRS score, 0 -1) better, we performed a receiver-operator characteristic curve of EI thresholds. This analysis showed that a threshold with Ն4 improvement or NIHSS score of 0 showed a high sensitivity (84%) but low specificity (34%) to predict good 90-day outcomes. Using a cutoff of 2 or 8 would have either lowered specificity to 70% in the former or lowered sensitivity to 15% in the latter (Figure 2) . The receiver-operator characteristic analysis, however, demonstrates that no single definition for EI has high specificity and sensitivity for the prediction of good final outcome. This limits the use of any certain definition for good EI to predict good final stroke outcome.
Although in the analysis of all patients a cut-off of Ն2 or NIHSS score of 0 had sensitivity and specificity of 50% to predict good outcome (Figure 2 ). Patients with a baseline NIHSS score of 11 to 20 had a 70% sensitivity and specificity for good outcome; patients with a baseline NIHSS Ͼ20 had 65% sensitivity and 90% specificity. Based on these data, caution must be used before basing the decision about additional therapies after ischemic stroke after IV tPA administration on changes in NIHSS at 2 hours.
Conclusions
In conclusion, we found that early improvement is associated with final clinical outcome, but caution should be used before clinical decisions are based on early therapeutic responses to therapies that were reviewed by regulatory agencies based on 3-month treatment responses. Further analysis is required to better-understand and define an early treatment response after stroke that is likely to benefit from additional interventions.
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